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Applying the Planck-Benzinger methodology, the sequence-
specific hydrophobic interactions of 35 dipeptide pairs were
examined over a temperature range of 273-333 K.  The
results imply that the negative Gibbs free energy minimum
at a well-defined stable temperature, <Ts>, has its origin in
the sequence-specific hydrophobic interactions, which are
highly dependent on details of molecular structure. Each
case confirms the existence of a thermodynamic molecular
switch wherein a change of sign in  DCpº(T) leads to true
negative minimum in the Gibbs free energy change of reac-
tion and a maximum in the related equilibrium constant. All
interacting biological systems examined using the Planck-
Benzinger methodology have shown such a thermodynamic
switch at the molecular level, suggesting its existence may
be universal. 
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Nuclear import of proteins involves recognition of the cargo
by two helper proteins, leading to the formation of a com-
plex, which is then translocated to the nucleus. The direc-
tionality of transport is due at least in part to the small pro-
tein Ran, present in the Ran-GTP form in the nucleus and in
the hydrolyzed Ran-GDP form in the cytoplasm, and able to
dissociate the cargo only in the first case. Using fluorescence
correlation spectroscopy, we tested the efficiency of this
molecular switch by measuring the diffusion coefficient of a
fluorescent cargo in presence of the two helper proteins and
of increasing concentrations of either Ran-GTP or Ran-
GDP. As expected we observe an increase in the cargo
mobility (signature of the complex dissociation) when Ran-
GTP is added, and no change when Ran-GDP is added. We
then measured the mobility of a fluorescent cargo in vivo.
Whereas in the nucleus the observed mobility corresponds to
the expected slightly hindered diffusion of the cargo, in the
cytoplasm it is too small to correspond to the diffusion of the
complex. This result could be explained either by the pres-
ence of a typical mesh size within the cytoplasm, critically
slowing down the complex compared to the simple cargo, or
by specific interaction of the complex with cellular struc-
tures such as the microtubule network.
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A 10-micron long complex of nine proteins makes up the
sturdy, segmented, extracellular rod, hook and filament (or
axial component) of the flagellum of Salmonella typhimuri-
um. The sequences of the nine proteins except the cap pro-
tein (FliD) have at their N and C termini, heptad repeats
characteristic of an alpha-helical bundle. Moreover, the seg-
ments characterized have a common helical symmetry.  The
hypothesis that these alpha-helical folds form an interlock-
ing alpha-domain within and between the contiguous seg-
ments of the axial structure has received support from struc-
tural studies of the filament. We used electron cryomi-
croscopy to generate a high-resolution map of the hook.  We
docked atomic models for the two outer domains of the hook
subunit into the corresponding features of the map. The
innermost domains are interdigitated ~1 nm rods, which
form a tube having a 3 nm axial lumen, a feature seen in
maps of the filament. The rods are somewhat shorter than
those in the filament consistent with the shorter sequences
thought to generate the fold. The N and C termini of the
atomic model, which lie in the middle domain, point towards
the spoke of density that connects to the inner rods. Our
results further support the hypothesis of a common, inter-
locked alpha domain for the axial proteins.
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Colloidal nanocrystals are building blocks of the
"nanoworld". Their electronic properties enable the building
of single-electron transistors, their optical properties can be
used to generate fluorescence labels with many different col-
ors. Based on the principles of molecular recognition and
self assembly biological molecules can be used to arrange
nanoscale building blocks. Two applications will be dis-
cussed. Colloidal gold nanocrystals were conjugated with a
controlled number of DNA molecules per nanocrystal. By
using complementary sequences of DNA molecules that
were attached to different nanocrystals, small groupings of
gold nanocrystals could be formed. Biomolecule conjugated
colloidal semiconductor nano-crystals also have been used
to fluorescence label structural compartments of cells. These
nanocrystals were found to be actively incorporated by liv-
ing cells. It will be described how cells "eat" nanocrystals
and an assay for cell mobility based on this fact will be intro-
duced.
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